In recent years, five modern municipal waste incineration plants have been built in Poland. Next ones are being constructed and at the same time building of several others is being considered. Despite positive experience with the operation of the existing installations, each project of building a new incinerator raises a lot of emotions and social protests. The main argument against construction of an incineration plant is the emission of pollutants. The work compares emissions from municipal waste incineration plants with those from typical heating plants: in the first part, for comparison large heating plants equipped with pulverized coal-fired boilers (OP-140), stoker-fired boilers (three OR-32 boilers) or gas blocks with heat output of about 100 MW have been selected, while the second part compares WR-10 and WR-25 stoker-fired boilers most popular in our heating industry with thermal treatment systems for municipal waste or refuse-derived-fuel (RDF) with similar heat output. Both absolute emission and impact -immission of pollutants in vicinity of the plant were analyzed.
Introduction
Among all waste generated in Poland the biggest problem is the municipal waste. Due to the complex and unstable composition its processing is a huge problem. According to the Central Statistical Office, the total amount of produced waste is about 10-12 million Mg a year [1] . Out of many municipal waste management methods the most effective is thermal treatment. In many EU countries incineration accounts for up to 60% of the methods used, but in Poland this level does not exceed 10% [2] . In recent years, five modern municipal waste incineration plants have been built (Białystok, Bydgoszcz, Konin, Kraków, Poznań), the next one in Szczecin will start at the end of this year. Adding to that the existing incineration plant in Warsaw, which has been operating since 2001, the capacity of Polish incineration plants is approximately 1 million Mg of waste per year [3] .
The currently functioning model of waste management is based on the regional waste treatment facilities (so called Waste-to-Energy Plants -WtEs), which are mechanicalbiological waste treatment installations (MBTs). In recent years, more than 150 such installations have been built with a capacity of nearly 11 million Mg, generating 2.5 to 3.5 million Mg of combustible fractions, called alternative fuels, refuse-derived-fuel -RDF or pre-RDF. It is important that since January 1, 2016, an alternative fuel fraction, due to its high calorific value, cannot be deposited [4] . This fraction can and should be incinerated in waste incineration plants and co-incineration plants, in cement plants or used in heat or power plants. In the last case, these installations, due the rigorous emission regulations, must be equipped in sophisticated flue gas treatment system and this is a serious financial problem [5] .
Any new proposal to build an installation for thermal treatment of municipal waste and RDF fractions is subject to numerous protests. The most important argument against construction is the emission of pollutants. However, in accordance with the requirements of the Environmental Protection Act, the operation of the installation should not cause exceedance of emission standards that are very stringent in the case of waste incineration and environmental quality standards. Therefore the legislation guarantees a low environmental impact [6] .
It was decided to analyze the absolute amount of pollutant emissions as well as the amount of pollutants emitted in vicinity of the waste incineration plants as compared to similar emissions from heating plants that are common in our country. In the analyzed heating plants (heat and power plants) there are both stoker-fired boilers as well as pulverized coal-fired boilers and relatively rarely used gas blocks. The first part of the work focused on the comparison of commonly used boilers fired with hard coal (pulverized coalfired boilers OP-140, and stoker-fired boilers OR-32) and gas blocks with an installation for thermal treatment of municipal waste and RDF fraction of similar heat output. In the second part, calculations for WR-10 and WR-25 stoker-fired boilers are compared with the systems for thermal treatment of RDF or pre-RDF fractions.
Research methods

Assumptions for calculations
Two cases were investigated: the first is a comparison of the emissions of OP-140 pulverized coal-fired boilers (the smallest currently produced) commonly used in power plants, OR-32 stoker-fired boilers and gas blocks of similar total heat output, with the emissions from thermal waste treatment facility -(Waste-to-Energy -WtE) -a classical incineration plant and thermal waste treatment installation fired with alternative RDF fuel (WtE-RDF). For comparison, power plants operating in high-efficiency cogeneration -like in incineration plants, were selected. In the second case, a comparison was made between emissions from WR-10 and WR-25 stoker-fired boilers common in the Polish heating industry (respectively 30% and 10% of all heating boilers in Poland [7] ) and the thermal Refuse Derived Fuel -RDF treatment installations with similar heat output. This is important because in the light of not yet implemented in the Polish law but the existing directive on medium combustion plants (MCPs) the present WR type boilers do not have any chance of meeting the requirements of this directive [8] and will have to be replaced by new installations [9] .
In the first part of the calculations, a nominal heat output of the boiler equal to 105 MWt was assumed. This value results from the capacity of one of the smallest pulverized coal-fired boilers produced and used in Poland, i.e. OP-140. This variant was compared with a stoker-fired boiler also fired with hard coal -in this case the assumed heat output can be provided by three OR-32 boilers. It was assumed that the analyzed boiler should be a steam boiler so that by analogy to the waste incinerator it would work in cogeneration. As a third variant to compare, a gas boiler also of output 105 MWt was selected. Total capacity of the boiler in the case of waste incineration plant also remained at the same level. At the assumed heating value of mixed municipal waste at an average level of about 7.5 MJ/kg, this means the incineration plant capacity of 440,000 Mg/year, i.e. twice as large as the largest Polish incineration plant for mixed municipal waste in Cracow with a capacity of 220,000 mg/year. In addition, the RDF incineration plant has been analyzed, assuming that it will incinerate approximately 235,000 Mg of RDF per year with a net calorific value of 14 MJ/kg and will have a nominal heat output of 105 MWt.
The basic characteristics of the installation for the five variants analyzed are presented in Table 1 . The second part analyzes pollutant emissions from some of the WR-10 and WR-25 stoker-fired boilers most frequently used in the Polish heating industry. Heat output of the WR-25 boiler is about 30 MWt and, as in the previous case, the efficiency of the RDF thermal treatment system has been adjusted to the same level. With an assumed net calorific value of RDF equal to about 14.0 MJ/kg, this means a capacity of 67,500 Mg/year. In the case of the WR-10 boiler, the nominal heat output is about 12 MWt which, at the calorific value of RDF, results in capacity of about 27,000 Mg/year. The calorific value of coal in both cases was assumed to be 21 MJ/kg. The characteristics of individual boilers are shown in Table 2 . 
Maximum and average annual fuel consumption
Then, based on the data in Table 1 and 2 (for both variants), the maximum instantaneous fuel consumption and the average annual fuel consumption was calculated. Next, using the Recknagel relationships [10] the maximum flue gas flow rate was calculated for the operating conditions of the system and converted into assumed conditions (temperature: 273 K, pressure: 1013 hPa, dry gas, assumed oxygen content in the exhaust gas: 3% for the gas block, 6% for coal-fired boilers and 11% for waste incineration plants in both variants).
Results of these calculations are given in Tables 3 and 4 . The values of excess air ratio (oxygen concentration in the flue gas) and the flue gas humidity were based on the data obtained from potential installation suppliers. 
Calculation of maximum emission
For the two analyzed cases, a maximum variant was assumed for the calculations, which means that it was assumed that for the maximum instantaneous fuel consumption there was a maximum flue gas flow rate and maximum emission limit values, i.e. not exceeding emission standards (emission standards given in Table 5 according to the Ordinance of the Minister of the Environment on emission standards for certain types of installations, sources of fuel combustion and incineration or co-incineration equipment [11] which adopted the regulations of IED [12] . A total of 7,500 hours of operation per year identical for all analyzed variants was assumed. For these assumed maximum values, in the next part of the calculations, the maximum emission of the three main pollutants from the combustion process, i.e. sulfur dioxide (SO2), nitrogen oxides (NOx) converted to nitrogen dioxide, and both instantaneous and annual particulate matter emissions were estimated. Results of these calculations are compiled for the first and second analyzed case, for all variants, in Tables 6 and 7 , respectively. 
Calculations of pollutant immissions
According to the Environmental Protection Act in force in Poland, the emission of pollutants from the installation should not only meet the emission standards (if any), but also the emissions should not exceed environmental quality standards (i.e. in this case the permissible concentrations of pollutants in the atmospheric air -reference values). Therefore, in addition to the comparison of the emissions from the thermal waste treatment system with the emissions from heating installations pollutant immisions from the analyzed installations were also compared. In the first part pollutant immissions from the OP-140 pulverized coal-fired boilers, three OR-32 stoker-fired boilers and gas block of a similar total heat output (about 105 MWt) were compared with immissions from the thermal waste treatment facility (WtE) -a classical incineration plant and thermal waste treatment facility fired with alternative RDF fuel (WtE-RDF).
The second part analyzes immissions of pollutants from one of the WR-10 and WR-25 stoker-fired boilers in comparison with the thermal RDF treatment facility of similar heat output.
Calculations of immission pollutants were made using the Polish methodology given in the regulation of the Minister of Environment on reference values for some substances in the air, based on Pasquill atmospheric diffusion model [13, 14] . Emissions of sulfur dioxide, nitrogen oxides and particulate matter given in Tables 6 and 7 as well as flue gas  parameters given in Tables 3 and 4 were taken for calculations.
In order to maintain identical conditions of pollutant diffusion in the atmosphere, the emitter height was assumed to be 60 m and its diameter was chosen to be about 20 m/s. This gave a diameter of 1.9 m for the gas block, 2.0 m for the OP-140 boiler, 2.3 m for three OR-32 boilers, 2.8 m for the RDF incinerator and 3.1 m for the mixed municipal waste incineration plant. In the second case an emitter of 50 m was adopted. As in the previous example, the diameter of the emitter was different: for the WR-10 boiler it was 1.2 m, and for the corresponding RDF boiler with heat output of about 12 MWt -1.6 m, while for the WR-25 boiler -1.8 m and 2.4 m for the corresponding RDF boiler with heat output of about 30 MWt. That gave the same outlet velocity for both cases compared -about 7.7 m/s for the WR-25 boiler and about 7 m/s for the WR-10. Results of the modeling of spread of pollutants in the form of calculated concentrations in one-hour and average annual immissions are presented in Tables 8 to 11 . At the same time, when analyzing the data in Tables 5 to 8 , one can see that in most cases the pollutant emissions do not exceed air quality standards (permissible one-hour concentrations and permissible average annual concentrations) as required by article 144 of the Law on Environmental Protection [15] .
As can be easily observed, most pollutants (both SO2 and NOx, as well as particulate matter) emitted to the atmosphere are generated by stoker-fired boilers. This is due to the relatively liberal emission standards for the existing sources of heat output below 50 MWt. The smallest amount of pollutants is emitted to the air by gas blocks. A comparison of emissions of sulfur dioxide and particulate matter from waste incineration plants (both mixed and RDF) with the emissions from coal-fired heat plants (equipped with both pulverized coal-and stoker-fired boilers) is far better in favor of the waste incineration plants. Only in the case of emissions of nitrogen oxides, the emissions from the incineration plant are comparable to the emissions from the stoker-fired boilers. The other boiler rooms (with pulverized coal-fired boilers and gas block) are better. This is due to the relatively low calorific value of both mixed municipal waste (7.5 MJ/kg) and RDF (14 MJ/kg), and therefore the need to burn much more fuel which results in significant flue gas emissions with identical emission standards applicable to all installations, i.e. 200 mg/m 3 u.
Results
Pollutant emissions for both analyzed cases are compared in Tables 6 and 7 . Similarly, the results of calculations of the spread of pollutants from the analyzed sources in the form of calculated pollutant concentrations in imission are summarized in Tables 8 to 11 .
Conclusions
The calculations show that most of the pollutants are generated by coal-fired stoker-boilers and least by gas blocks, while the emission from pulverized coal-fired boilers is slightly lower than the emission from stoker-fired boilers, because other emission standards are decisive in this case. It is worth noting that emissions from the waste thermal treatment plant (both mixed and RDF) are slightly higher than those from the gas block. The comparison of emissions of pollutants from particular coal-fired boilers commonly used in Polish heating industry is far worse than that of incineration plants for municipal waste (mixed and RDF). It is therefore safe to say that despite many protests and public reluctance to build a Municipal Waste Thermal Treatment Plant (Waste-to-Eneregy -WtE) or WtE-RDF facilities, they are a significantly smaller source of environmental pollution than the wellknown and widely accepted coal-fired heating systems.
In conclusion, this work was aimed at comparing the impact of emissions from boilers commonly used in the heating sector with the municipal waste incineration plant (both mixed and RDF). From the presented results it can be clearly seen that thermal treatment of municipal waste and WtE-RDF has no significant environmental impact. This method is generally used as an indispensable part of the municipal waste management system, proven and functioning in the most industrialized countries not only of the European Union [2] .
